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Background: Abdominal	adiposity	is	a	cardiovascular	risk	factor;	 it	 is	assumed	that	the	combination	of	
radiofrequency	and	physical	exercise	may	decrease	this	excess	of	adipose	tissue.
Purpose: To	analyze	the	effect	of	four	intervention	sessions	on	abdominal	adipose	tissue.
Methodology: The	 study	 analyzes	 the	 effect	 of	 four	 sessions	 of	 aerobic	 exercise	combined	with	
radiofrequency.	Participants	were	28	healthy	female	volunteers,	aged	18-28	years,	randomly	assigned	to	an	
experimental	group	and	a	placebo	group.	They	were	characterized	by	a	sociodemographic	questionnaire,	







Results: There	was	a	statistically	significant	decrease	in	waist	circumference,	abdominal	 subcutaneous	 adipose	
















Physical	exercise	 is	a	very	 important	agent	 in	 the	 fight	against	
overweight	 and,	 depending	 on	 the	 modality,	 intensity,	 and	 dura‐
tion	of	exercise,	the	energy	substrate	used	may	be	another	type	of	
source	other	than	lipids.4,5
Aerobic	 exercise	 is	 a	modality	 capable	of	 decreasing	body	 fat,	
and	 it	 can	 increase	 fatty	 acid	 oxidation	 5-10	 times	 in	 relation	 to	
the	 resting	 state.5	 The	 evidence	 suggests	 that	 the	 prescription	 of	
exercise	 to	decrease	adipose	mass	should	 focus	on	a	high	training	








magnetic	 energy	 that	 efficiently	 heats	 the	 adipose	 tissue,	 which	








triglycerides	 and	 stored	 again	 in	 adipose	 tissue	 or	 ectopically	 ac‐
















This	 study	 was	 classified	 as	 a	 randomized	 controlled	 parallel	 and	
double	blind,	taking	into	account	the	criteria	of	CONSORT.10











Anthropometric	 measures	 and	 body	 composition	 (body	 mass,	
Body	Mass	Index,	total	fat	mass,	waist	circumference,	waist/height	






2.2 | Sample selection and inclusion criteria
The	target	population	was	the	female	students	of	the	Allied	School	
of	Health	in	Porto.
The	 G-Power	 3.0.10	 (Universität	 Düsseldorf)	 software	 was	
used	 to	 calculate	 the	 number	 of	 participants	 required	 in	 each	
group	(EG	and	PG),	for	a	power	of	80%.	This	calculation	was	based	
on	 a	 similar	 article,	 in	 which	 the	 anthropometric	measurements	
and	 the	 thickness	of	 the	 subcutaneous	 adipose	 tissue	were	 also	
evaluated	by	ultrasonography.11	A	minimum	of	17	participants	 in	





of	 body	 composition.	 In	 the	 course	 of	 this	 evaluation,	 individuals	
who	met	the	eligibility	criteria	were	invited	orally	to	join	this	study,	





Each	participant	was	 assigned	 a	numerical	 code	 to	proceed	 to	
random	allocation	in	each	group.
Inclusion	 criteria	 were	 defined	 as	 individuals	 between	 18	 and	

























A	 questionnaire	 was	 developed	 to	 collect	 sociodemographic	 data	
and	 to	verify	compliance	with	 the	necessary	criteria	 for	participa‐
tion	 in	 the	 study	 (https	://docs.google.com/forms/	d/1C0Kk	JVbOW	
tkbvO	BROoV	j6FUp	8n7C1	vhri5	pO4FO	HlSk/edit?usp=drive_web;	
Annex	2).















In	order	 to	measure	BMI	 (BMI	=	Weight/Height2	 [kg/m2];	General	
Health	Department,	2013)	and	the	percentage	of	total	fat	mass,	the	




















A	pilot	 study	 (n	 =	 6)	was	 carried	 out,	which	 included	 the	 applica‐




To	 test	 the	 exercise	 intervention	 protocol	 associated	with	 RF,	























The	 results	 obtained	 in	 the	QFA	were	 processed	 through	 the	
Food	Processor	Plus	program.16










with	 upper	 limbs	 along	 the	 body,	 looking	 forward,	 with	 the	 tape	
placed	 parallel	 to	 the	 floor	 above	 the	 navel.	Measurements	 were	
performed	at	the	time	of	expiratory	apnea	at	tidal	volume.4
To	obtain	the	body	mass,	fat	mass	percentage,	and	BMI,	partic‐
ipants	 remained	 in	 the	 orthostatic	 position	with	 bare	 feet	 on	 the	
scales	 sensors,	 grasping	 the	 hand	 electrodes	 parallel	 to	 the	 floor,	
looking	forward,	with	upper	limbs	along	of	the	body,17	always	guar‐
anteeing	the	conditions	determined	by	Tanita	for	its	evaluation.
















2.4.4 | Determination of the Reserve Heart Rate 
(RHR) and Training Heart Rate (THR)
For	 each	 participant,	 the	 theoretical	 maximum	 heart	 rate	




lated	 for	each	participant,	 considering	an	 intensity	of	45%-55%	of	
the	RHR	(RHR	=	HR	max	−	HRrest)4.
The	 determination	 of	 the	 resting	 HR	 was	 made	 after	 sitting	
5-10	minutes,	 using	 the	 cardiofrequencymeter	 (for	 heart	 rate	 sta‐
bilization).	25
2.4.5 | RF protocol
For	 the	 RF	 protocol,	 the	 BTL-6000	 TR-Therapy	 apparatus	 (BTL	
Industry	Ltd.)	was	used,	with	the	5-cm	capacitive	electrode.
Temperature	monitoring	was	performed	using	a	combination	of	
two	 instruments.	 The	 Schliephak	 allows	 qualitative	 monitoring	 of	
temperature	perception	by	the	participant.	It	is	included	in	the	user´s	
manual,	and	its	use	is	indicated	in	conjunction	with	the	quantitative	
temperature	 monitoring	 method.	 This	 scale	 consists	 of	 four	 levels	
(I—without	perceiving	heat,	very	low	intensity,	II—perception	of	mod‐
erate	heat,	 low	 intensity,	 III—evident	heat	perception,	moderate	 in‐
tensity,	IV—Strong,	but	not	unpleasant,	intensity	perception	strong).26
Objective	temperature	monitoring	was	done	using	the	FLIR	E6	





The	 RF	 was	 applied	 in	 the	 capacitive	 mode,	 with	 a	 power	 of	


















The	 intensity	monitoring	was	 also	done	 subjectively	 through	
the	Subjective	Perception	Scale	of	Effort—Borg	Scale.	This	scale	
ranges	 from	 6	 to	 20,	 with	 6	 being	 extremely	 light	 exercise	 and	




















The	 participants	were	 duly	 informed	 and	 clarified	 about	 the	
















To	verify	 the	homogeneity	of	 the	groups	at	 the	 initial	moment	
(M0),	 we	 used	 the	 t	 test	 for	 independent	 samples.	 The	 t	 test	 for	
paired	 samples	 was	 used	 to	 gauge	 the	 differences	 between	 mo‐
ments.	To	compare	the	groups	at	the	final	moment,	the	difference	

















Regarding	 anthropometry	 and	 subcutaneous	 thickness	 values,	








Regarding	 the	 waist	 circumference,	 waist/height	 ratio,	 subcu‐
















in	 subcutaneous	 adipose	 tissue,	 as	 observed	 in	 the	 experimental	
group.	 The	 summation	 effect	 decreases	 tissue	 impedance	 by	 in‐
creasing	blood	flow.33	This	decrease	may	 justify	a	consequent	de‐
crease	in	adipose	tissue.









with	 a	 reduction	 in	 subcutaneous	 abdominal	 thickness	 in	 the	 EG.	
These	results	are	consistent	with	the	findings	of	this	study	and	are	
supported	by	reports	by	Hayre	et	al,34	Mlosek	et	al,35	Suh	et	al36 and 







ommend	 aerobic	 exercise,	 involving	 large	 muscle	 groups	 about	
five	times	a	week.4	The	intensity	and	duration	of	the	exercise	are	
preponderant	 factors	 to	 guarantee	 lipid	 oxidation.4	 Body	 mass	
and	 BMI	 did	 not	 show	 significant	 differences	 between	 groups.	
This	 finding	can	be	explained	by	 the	 fact	 that	both	groups	were	








Experimental Placebo t value P value
IPAQ
MET'S	(min/wk) 2269.20	±	1160.80 2157.97	±	1377.25 0.239 0.813
QFA
Calories	(kcal/d) 2196.35	±	591.54 2035.08	±	581.03 0.753 0.458
Fat	(g/d) 94.85	±	47.40 75.54	±	21.79 1.431 0.163
Carbohydrates	(g/d) 239.71	±	69.21 243.30	±	79.80 −0.132 0.896
Proteins	(g/d) 103.78	±	19.78 101.39	±	28.85 0.264 0.794
Age	(y) 22.15	±	2.54 21.00	±	1.71 1.089 0.286
Body	mass	(kg) 62.51	±	6.98 58.38	±	5.62 1.820 0.08
Height	(m) 1.65	±	0.07 1.65	±	0.03 0.844 −0.199










the	 isolated	application	of	RF	due	 to	 its	exclusively	 localized	ef‐
fect.36	Although	there	were	no	differences	between	groups	at	the	
end,	there	was	a	statistically	significant	decrease	 in	the	EG	from	
the	 initial	moment	 to	 the	 final	moment	 in	 the	 total	 fat	mass	and	
BMI,	 indicating	 a	 higher	 tendency	 in	 this	 group	 to	 reduce	 body	
mass.	The	same	did	not	happen	in	PG.
Although	the	waist-to-height	ratio	in	the	experimental	and	pla‐



















ticipants,	 since	 it	 was	 lower	 than	 necessary	 to	make	 possible	 the	
TA B L E  3  EG	and	PG	Anthropometry	Values:	Body	Mass,	BMI,	Total	Fat	Mass,	Waist	Perimeter,	Waist/Height	Ratio,	Subcutaneous	
Adipose	Thickness,	Horizontal	Abdominal	Fold
EG PG t test for independent samples
M0 M1 M0 M1 M1‐M0
Body	mass	(kg)
62.51	±	6.98 61.65	±	7.12 58.38	±	5.62 58.07	±	5.43
t 3.191 1.512 t	=	1.656
P value 0.008 0.154 P	=	0.110
BMI	(kg/cm2)
23.00	±	2.55 22.70	±	2.57 21.35	±	2.10 21.23	±	1.99
t −1.015 −1.015 t	=	1.147
P value 0.004 0.329 P	=	0.262
Total	fat	mass	(%)
28.18	±	5.63 26.62	±	5.63 25.40	±	4.50 25.03	±	4.22
t 3.062 −0.029 t	=	−1.882
P value 0.009 0.336 P	=	0.071
Waist	perimeter	(cm)
80.21	±	10.21 78.39	±	9.52 74.28	±	5.15 74.87	±	4.81
t 4.894 1.725 t	=	−4.770
P value <0.001 0.108 P < 0.001
Waist/Height	ratio
48.63	±	5.37 47.27	±	5.13 44.93	±	3.03 45.28	±	2.99
t −0.200 −1.700 t	=	−4.806
P value 0.845 0.113 P < 0.001
Subcutaneous	adipose	thickness	(mm)
12.51	±	6.40 10.26	±	5.44 9.479	±	4.12 9.38	±	4.34
t 4.171 −0.590 t	=	−3.915
P value 0.001 0.565 P	=	0.001
Horizontal	abdominal	fold	(mm)
19.30	±	5.72 16.32	±	4.98 17.67	±	4.80 18.01	±	5
t 6.731 1.769 t	=	−6.883
P value <0.001 0.100 P < 0.001
Note:	Mean	±	Standard	deviation;	value	P,	intergroup	test	value;	M0-M,	difference	variable	t,	test	t value.
generalization	of	 the	 results.	However,	 studies	 carried	out	on	 this	
subject	count	on	similar	and	even	lower	samples.8,12,36,39
The	other	 limitation	of	 the	study	 is	 that	 there	was	no	objective	
control	of	presession	dietary	intake,	and	this	question	was	minimized	
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